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Heme Oxygnase-1 Produced by a Human Monocytic Cell Line (U-937) After
Exposure to Brevetoxin (PbTx-2)
Abstract
In lieu of an abstract, below is the first paragraph of the paper.
Harmful Algal Blooms (HABs) along the west coast of Florida are the result of a large proliferation of the
dinoflagellate Karenia brevis. The harmful nature of these algal blooms is the result of potent neurotoxins,
specifically referred to as brevetoxins, which are released from K. brevis. PbTx-2 is one of the most
abundant brevetoxins during HABs of K brevis and results in extreme mortality of marine wildlife and
health implications for humans such as Neurotoxic Shellfish Poisoning (NSP) and immunosuppression.
The cellular response to PbTx-2 is not as well known, which was the focus of this research. Oxidative
stress, in the form of depleted glutathione and elevated levels of hydrogen peroxide, peroxidase, and/or
heme oxygenase-1 (HO-1), is a common defensive response of human cells to a toxin. It was
hypothesized that human cells would produce an elevated level of HO-1 in the presence of PbTx- 2 in
comparison to cells without PbTx-2. The purpose of this research was to quantify the amount of HO-1
produced by a human monocytic cell line (U-937) when treated with PbTx-2 and use this as an indicator of
the level of oxidative stress. Results supported that human cells did undergo oxidative stress in the
presence of PbTx-2 and produced an elevated level of HO-1.
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Heme oxygenase-1 produced by a human monocytic cell line (U-937) after exposure to brevetoxin
(PbTx-2)
Carolyn Fisher, Catherine Walsh, and Stephanie L. Leggett
millions of fish and other aquatic organisms [ 1 2]. An exact cause to an algal bloom has yet to
be determined, but several theories involve
nutrient
runoff,
global
warming,
and
dust
from
the
Sahara
Desert [1].
Some algae
naturally
produce
toxins
as
Figure 1: Scanning electron
part of their
micrograph of Karenia brevis.
metabolism.
An algal bloom of one of these species could
result in additional detrimental affects to an
aquatic environment and are therefore referred
to as Harmful Algal Blooms (HABs). Karenia
brevis are an unarmored dinoflagellate algal
species that are native to the Gulf of Mexico and
Carribbean region and cause HABs along the
west coast of Florida (Figure 1) [1-3]. This
species also generates lipid-soluble, polycyclic

Harmful Algal Blooms (HABs) along
the west coast of Florida are the result of a large
proliferation of the dinoflagellate Karenia
brevis.
The harmful nature of these algal
blooms is the result of potent neurotoxins,
specifically referred to as brevetoxins, which are
released from K. brevis. PbTx-2 is one of the
most abundant brevetoxins during HABs of K
brevis and results in extreme mortality of marine
wildlife and health implications for humans such
as Neurotoxic Shellfish Poisoning (NSP) and
immunosuppression. The cellular response to
PbTx-2 is not as well known, which was the
focus of this research. Oxidative stress, in the
form of depleted glutathione and elevated levels
of hydrogen peroxide, peroxidase, and/or heme
oxygenase-1 (HO-1), is a common defensive
response of human cells to a toxin. It was
hypothesized that human cells would produce an
elevated level of HO-1 in the presence of PbTx2 in comparison to cells without PbTx-2. The
purpose of this research was to quantify the
amount of HO-1 produced by a human
monocytic cell line (U-937) when treated with
PbTx-2 and use this as an indicator of the level
of oxidative stress.
Results supported that
human cells did undergo oxidative stress in the
presence of PbTx-2 and produced an elevated
level of HO-1.

H
HH
V V - x I A t / \J_

INTRODUCTION
Algae are eukaryotic, photosynthetic
uni- or multicellular organisms that form the
base of the food chain in many fresh- and
saltwater environments. Their presence in the
environment is critical for the survival for many
organisms that feed on them. An algal bloom,
colloquially known as a red tide, is a periodic,
unpredictable proliferation of algae in a
particular region [1-2]. Algal blooms most
commonly result in oxygen depletion and
reduced sunlight transmittance to benthic
photosynthetic organisms, causing harm to
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Figure 3: Chemical structure of brevetoxin
PbTx-2.
ether neurotoxins, known as brevetoxins, as a
byproduct of part of its metabolism [1-3].
During an algal bloom of Karenia brevis (Figure
2), the shells of the algae are easily broken by
the wind and the surf, causing the abundance of
brevetoxins in the water and beach aerosol [1-4].
Brevetoxins are given the chemical abbreviation
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disease are shown to be particularly susceptible
to the ill-effects of airborne brevetoxins [5-6].
Public Health announcements recommend
leaving the area and/or entering an airconditioned area to relieve much, if not all, of
the symptoms [1,4,7]. The Florida west coast
beaches are unique in that they do not close
during a K. brevis HAB. Thus, lifeguards are a
vulnerable population to both the immediate and
long term effects of aerosolized brevetoxins
because their positions at west-coast Florida
beaches require them to be on the job regardless
of whether a red tide is present or not [6].

"Pb-Tx" because the original name of the
Karenia brevis species was Ptychodiscus brevis
(Pb) and an abbreviation for "toxin" (Tx) [1-3].
The most abundant brevetoxins during K brevis
HABs are known as PbTx-2 (Figure 3) and
PbTx-3, while PbTx-1 as well as many others
are lesser contributors [1-4]. These blooms

It is believed that brevetoxins act as
depolarizing substances that permanently open
the voltage-gated sodium channels in cellular
membranes and inducing an influx of sodium
ions [2]. This can result in nerve malfunction,
such as in the delay of nerve impulses, and
neuronal death, resulting in disruptions of the
respiratory system and motor control [1,2,4,8].
Necropsies of manatees also suggest that
brevetoxin causes apoptosis of cells by
inhibiting cysteine cathepsins [1,4]. Cysteine
cathepsins are important to the function of
lysosomes within white blood cells, also known
as macrophages. Their function as a proteinase
is to degrade old or no longer needed proteins
and recycle the degraded parts to be used in the
synthesis of new proteins. This inhibition of the
cathepsins within macrophages results in
apoptosis of the immune cells and thus leading
to a weakened immune system with a high
susceptibility to viral or bacterial infection
[1,2,4,9]. It has recently been found that
brevetoxins impose many other adverse effects
on the immune system, such as a decrease in the
plaque-forming
ability in spleen
cells,
lymphocyte proliferation, and oxidative stress
[8]. B. Kirkpatrick, et al (2006), provided data
from one study that show a 19% increase in the
amount of pneumonia and bronchitis patients at
Sarasota Memorial Hospital during September December 2001 during a prolonged red tide in
comparison to September - December 2002 with
no red tide [7].
This suggests that the
compromised immune systems from the
brevetoxins in the air results in an increase in
respiratory diseases in coastal residents [7].

Figure 2: Karenia brevis HAB along the western
coast of Florida at Port Charlotte.
result in extreme mortality of marine wildlife
and health implications for humans in this area
along the west coast of Florida [1-3]. Millions
of fish, aquatic-dwelling birds, sea turtles,
manatees, and sharks suffer from brevetoxin
poisoning and often die [1,4]. In 1996, over 150
endangered manatee deaths resulted from
prolonged exposure to HAB [1,4-5].
Brevetoxin exposure occurs through
inhalation of the aerosolized toxin and ingestion
of toxic water and intoxicated marine organisms
[5]. When humans consume large amounts of
shellfish containing brevetoxins, gastrointestinal
symptoms (nausea, diarrhea, and abdominal
pain), neurological symptoms (paresthias—pinsand-needles feeling), and cerebellar symptoms
(vertigo and incoordination) occur in an illness
known as Neurotoxic Shellfish Poisoning (NSP)
[1]. In most cases, these symptoms resolve
within a week, and lasting effects of NSP are
unknown [1]. Intoxication by the aerosolized
brevetoxin in humans quickly brings about
symptoms of throat irritation, coughing and
wheezing, runny nose, mucous build-up,
shortness of breath, itchy and watery eyes, and
sometimes dizziness, tunnel vision, and skin
rashes [1,6]. Those whose respiratory tract is
compromised due to asthma, smoking, or
63
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The
purpose of
this
study
was
to
determine if
oxidative
stress
was
present
in
human
immune
cells
after
exposure to
brevetoxin
(PbTx-2).
Oxidative
stress is an
uncontrolled
increase of
reactive
oxygen
species

point of control by enzymes such as peroxidase
and superoxide dismutase, the abundant GSH
tripeptides will react with ROS and oxidizing the
GSH to GSSG (Figure 5). An enzyme known as
glutathione reductase uses a proton source
(usually 2 NADPH's) to reduce GSSG back to
GSH. However, if there is so much ROS present
that glutathione reductase cannot keep up with
the reduction of GSSG back to GSH, then this
increase in the amount of GSSG results in the
induction of an anti-inflammatory stress protein
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Figure 4: Common reactive
oxygen species (ROS) present
as byproducts of metabolism
in cells of aerobic organisms.

2GSSG

(ROS), such as hydrogen peroxide, superoxide
anion, and hydroxyl radical (Figure 4), within
the cell milieu resulting in harm to the cell and
possibly the organism [10]. Aerobic organisms
generate ROS as byproducts of the electron
transport chain or other metabolic processes
involving oxygen. The concentration of ROS in
every cell is controlled by a variety of enzymes,
including peroxidase and superoxide dismutase.
As potent oxidizing agents, the concentration of
ROS must be controlled because of their ability
to potentially oxidize and inhibit the function of
fundamental species present within the cell, such
as DNA, proteins, and lipids. Uncontrolled
oxidative stress can result in death of cells [10].
Most cells are regenerative, such as skin, hair,
and epithelial cells that make up many of our
organs, but nerve cells cannot regenerate. The
death of neurons can result in several
neurodegenerative
disesases,
such
as
Alzheimer's disease, Parkinson's disease, and
possibly stroke [11].

Figure 5: The response of two glutathione (GSH) molecules
to harmful ROS, such as H202 to convert it into oxidized
glutathione (GSSG) and water. This reaction is reversed by
the enzyme glutathione reductase in the presence of a
proton source (NADPH).
known
as
heme
oxygenase-1 (HO-1) [10,
17-18].
This enzyme
becomes abundant in the
cell milieu to further
assist
in
the
immunological response
to cellular stress and
provide a second line of
defense for the cell
against oxidative injury
[10].
The biochemical
function of HO-1 is the
Figure 6: Heme
degredation of heme
oxygenase-1 (HO[17-18]. This enzyme is
present in every cell, at
some level, but is most abundant in the spleen
where erythrocyte (red blood cell) degredation
occurs and a substantial amount of heme is

Fortunately, human cells are equipped
with enzymes and proteins to combat oxidative
stress and its harmful effects on the cell.
Glutathione (GSH) is a tripeptide thiol found in
abundance within cells and provides a first line
of defense against oxidative stress [10, 13-16].
As the ROS concentration increases beyond the
64
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cells that are exposed to brevetoxin (PbTx-2),
thus indicating that the cells are under oxidative
stress and that PbTx-2 elicits oxidative stress
within the cell. Human HO-1 ELISA was used
to quantify the amount of human HO-1 protein
in the U-937 human monocytic cell line.

present that needs to be destroyed [17-18]. This
enzyme is up-regulated in cells that are
experiencing oxidative stress because the
products of its enzymatic reaction help in
eliminating ROS species from the cell.
Through a series of steps, HO-1 degrades the
heme substrate with the help of oxygen and a
proton source to create

METHODS
Cells: Human monocytic cell line, U-937, was
used due to its effectiveness as a model for toxic
effects of brevetoxin in human immune cells
[10]. Cells were maintained at 2xl0 5 cells/mL
with RPMI 1640 and 10% FBS (heat-inactivated
fetal bovine serum with iron; HyClone, Logan,
UT).

biliverdin

U

P

*
Brevetoxin: PbTx-2 (MW 894) (World Ocean
Solutions; Wilmington, NC), was solubilized in
80% ethanol (hereafter referred to as EtOH) in
HPLC water at a concentration of 1 mg/mL
(1.1163 mM). PbTx-2 is a known skin and
respiratory irritant and was handled with
extreme caution under a hood and using gloves
at all times. Concentrations of 80% ethanol in
HPLC water were made in the same way as
toxin concentrations to serve as a control for
ethanol effects on the cells.

bw
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Figure 7: The biochemical function of heme
oxygenase-1 in the conversion of heme to
bilirubin.

Concentration
of HO-1: The effects of
brevetoxin on HO-1 concentration were
determined using a commercially available
Human HO-1 ELISA kit (Assay Designs,
Stressengen: Ann Arbor, MI) for the detection
and quantification of HO-1 in human cell
lysates.
This procedure is a sandwich
immunoassay
technique
that utilizes a
monoclonal antibody specific for HO-1 to
capture the protein. An HO-1 specific rabbit
polyclonal antibody detects, through binding, the
presence of the HO-1 protein.
Subsequent
binding by horseradish peroxidase conjugated
anti-rabbit IgG secondary antibody allows for
quantitative analysis upon the addition of
tetramethylbenzidine substrate. A 1 N HC1 acid
solution stops the reaction, converting the
endpoint color to yellow. Absorbance was taken
at 450 nm with a Bio-Tek 1600 microplate
reader. A standard HO-1 protein allows for the
generation of a standard curve, from which
unknown HO-1 concentrations could be

biliverdin (Figure 7). Biliverdin is then reduced
to bilirubin by an enzyme known as biliverdin
reductase (Figure 7) [17-18]. These are actually
the steps that are taken in the development of a
bruise. An initial abundance of heme under the
skin constitutes the reddish-purple color of the
bruise. Biliverdin is the result of the first
enzymatic step, which is a green molecule.
Lastly, the yellow bilirubin signals the end of the
bruise. In terms of reducing the amount of ROS,
the reaction between biliverdin and bilirubin is
of substantial importance. ROS present within
the cell will oxidize bilirubin back to biliverdin.
Similarly as with glutathione reductase,
biliverdin reductase will restore the amount of
bilirubin present to then go on and eliminate
more ROS using this process [17-18].
It has yet to be shown if HO-1 is present
at an elevated level in cells containing a large
amount of brevetoxin. It was hypothesized that
HO-1 will be up-regulated in human immune
65
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gently. The tubes were centrifuged (310 x g, 10
min) in the eppendorf centrifuge. This washing
procedure was performed a total of three times.
After the third washing, the supernatant was
removed and discarded and 500 uL of the lysis
buffer (0.1 mM phenylmethylsulphonylfluroide
(PMSF) in 1 X Extraction Reagent—provided
by ELISA kit) was added and the cells were
aspirated. Cells were incubated on ice for 30
minutes with periodic vortexing. Cells were
centrifuged in the cold room (4 °C) at 15,400 x g
for 15 minutes. To new eppendorf tubes, the
supernatant containing the cell lysates were
diluted 1:1 in sample diluent (provided by
Human HO-1 ELISA assay kit) for a final
volume of 250 uL per eppendorf tube.

determined from the cell lysates.
Experimental Procedure: In separate 250 uL
reaction volumes, 20% FBS, and varying
amounts of PbTx-2 (final concentrations of 2000
nM, 1000 nM, 500 nM, and 250 nM in RPMI),
varying amounts of 80% EtOH (final

A

B

1
2000 nM
PbTx-2

2
2000 nM
PbTx-2

1000 nM
PbTx-2

1000 nM
PbTx-2

3
2000
nM
EtOH
1000
nM
EtOH
500 nM
EtOH
250 nM
EtOH
—

4
2000
nM
EtOH
1000
nM
EtOH
500 nM
EtOH
250 nM
EtOH
—

Cell lysate samples and HO-1 standard
were added in duplicate to 32 ELISA wells in
100 uL volumes as shown below in Table 2.
The Human HO-1 ELISA (Assay Designs,
Stressengen: Ann Arbor, MI) procedure was
followed for determination of the concentration
of HO-1 present in the cell lysates.
The
absorbance of each well was taken at 450 nm
using the Bio-Tek 1600 microplate reader.

500 nM 500 nM
PbTx-2
PbTx-2
D 250 nM 250 nM
PbTx-2
PbTx-2
M 0.4
M
E 0.4
H202
H202
concentrations of 2000 nM, 1000 nM, 500 nM,
and 250 nM in RPMI), and a hydrogen peroxide
positive control (final concentration of 0.4 uM
H 2 0 2 in RPMI) were added in duplicate to
individual wells of a 96-well microplate to lxlO 6
U-937 human immune cells (Table 1). The
microplate was covered and incubated at 37 °C
for -18 hours.
C

Table I: Treatments
of toxin
and controls to lxl(f cells
(per well) in a 96-well
microplate

ELISA
#1

ELISA
#2

After
incubation,
the
were
treated cells
Correlation
transferred to 1.50- Coefficient 0.992
0.989
mL eppendorf tubes
(R2 value)
and each well was
rinsed with 250 uL of
sterilized PBS (phosphate buffer saline), which
was added to each eppendorf tube.
The
eppendorf tubes were centrifuged (310 x g, 10
min) and the supernatant was removed and
discarded. To each remaining pellet was added
1.0 mL of sterilized PBS and was aspirated

ELISA
#3

ELISA
#4

ELISA
#5

ELISA
#6

ELISA
#7

0.995

0.991

0.984

0.987

0.992
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Table 2: The HO-1 standard concentrations.
Human HO-1 EI.ISA assays
PbTx-2 cell lysate concentrations, and EtOH cell lysate (The brackets, "fj" denotes "concentrations of.)
concentrations analyzed by Human HO-1 ELISA.
Statistical analysis using ANOVA statistics was
This HO-1 ELISA procedure was performed a
used to determine significant
differences
total of seven times with few differences
(p<0.05 and p<0.10) between the toxin
between each assay. The differences pertained
concentration and respective ethanol control.
to the concentrations of PbTx-2, EtOH, and
H 2 0 2 and are summarized in Table 3.
EL EL EL EL EL EL EL
IS
IS
IS
IS
IS
IS
IS
Table 3: The differences in the experimental procedures oj seven
A
A
A
A
A
A
A
Standard/ Cell Lysates
HO-1
#7
#4
#5
#6
#3
#2
#1
Positive
H202
[H 2 0 0.4 0.5 1.0 1.0 1.0 1.0 1.0
Control
2j
4
1
2
3
(uM)
A 25
1000
25
1000
20
200 200
10 20
10
10
[PbT
ng/mL
nM
nM
ng/mL
00, 00, 00, 00, 00, 0,
x-2]
0,
PbTxPbTx100 250
10
10
50
50
(nM) 50
2
2
00, 00, 0,
,12
o,
0,
0,
B 12.5
500
12.5
500
500 550
50
25
25
25
nM
ng/mL
ng/mL
nM
,
0,
0,
o,
0,
0,
PbTxPbTx250
25
12 25
12
12
2
2
0
0
5
5
5
6.25
250
C 6.25
250
200 200
20
10 20
10
10
[EtO
ng/mL
ng/mL
nM
nM
00,
00,
00, 00, 00,
0,
0,
H]
PbTxPbTx100 250
10
10
50
50
(nM) 50
2
2
00, 00, 0,
,12
0,
0,
0,
125
D 3.125
125
3.125
500 5
50
50
25
25
25
nM
ng/mL
ng/mL
nM
,
0,
0,1 0,1 0,
0,
PbTxPbTx250
25
25
25
12 25
2
2
0
0
5
1.5625
1000
E 1.5625
1000
nM
ng/mL
ng/mL
nM
EtOH
EtOH
RESULTS & DISCUSSION:
For each HO-1 ELISA assay, a standard
500
F 0.78125
500
0.78125
curve
was
generated, using Microsoft Excel
nM
nM
ng/mL
ng/mL
2003, between the concentration of the HO-1
EtOH
EtOH
Standard and its respective absorbance. A linear
G 0 ng/mL 0 ng/mL 250
250
relationship was found and an equation for the
nM
nM
best-fit line was determined using Excel. Unlike
traditional UV-vis techniques that use only a
EtOH
EtOH
photomultiplier tubes (PMT) to amplify and
H 0.2 uM 0.2 uM 125
125
detect the absorbance of a sample, the Bio-Tek
H202
nM
nM
H202
1600 used computer software and a PMT
EtOH
treated
treated
EtOH
combination, which yielded much higher
cell
cell
sensitivity. Thus, as shown by the raw data
lysates
lysates
summarized in Appendix 1, values found that
67
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1
2000
nM
PbTx2
1000
nM
PbTx2
500
nM
PbTx2
250
nM
PbTx2
125
nM
PbTx2
2000
nM
EtOH
1000
nM
EtOH
500
nM
EtOH
250
nM
EtOH
125
nM
EtOH

1
2.
2
1
1
3.
2
8
1
4.
0
5
1
3.
9
5

5.
8
8
1
1.
2
1
9.
1
6
1
1.
4
5

2

3.
1
7
3.
0
5
2.
2
1
2.
7
3

3

1
3.
8
8
1
1.
6
2
9.
6
2
1
1.
4
1

4

5

6

7

A
V
G

6.
4
6
1
0.
3
3

X
X
X

8.
4
0

1
1.
1
5

8.
6
9

1.
3
6

8.
7
1

5.
5
9

8.
9
8

1.
6
5

9.
7
6

5.
6
1

5.
8
9

~

8.
2
0

1.
6
2

5.
8
8

7.
4
9

5.
3
0

6.
8
7

7.
3
5

1.
4
1

6.
8
9

8.
7
4

2.
4
8

6.
7
5

5.
9
1
4.
8
9

0.
4
0
1.
0
9

5.
9
7

6.
3
2
5.
9
5

1.
3
4
0.
9
5

5.
8
9

7.
2
5

1.
8
2

3.
1
3

9.
7
9

6.
4
2
2.
5
0

2.
7
1
2.
4
2

9.
4
7
8.
9
8

4.
7
6
3.
7
1

2.
9
8

8.
7
0

5.
0
3
3.
6
1

5.
4
5
4.
4
2

5.
0
6
5.
0
2

4.
6
8
6.
3
8

~

~

~

S
E

correlation coefficients (R values) for each of
the standard curve plots. Microsoft Excel 2003
was also used to determine the concentration of
HO-1 for each of the absorbances of the cell
lysate solutions (Appendices 1-7) that were
tested using the equation as determined from the
best-fit line. These concentrations of HO-1 (in
ng/mL) were compiled from the seven assays
and the average and standard deviation was
determined for each of the concentrations of
PbTx-2 and EtOH, as shown in Table 5.
The Microsoft Excel 2003 T-test (tails = 1, types
= 1) was used to test for significance between
the respective PbTx-2 and EtOH concentrations.
As shown in Table 6, only the
PbTx-2 and EtOH concentrations of 1000 nM
(n= 5) and 500 nM (n - 5) were significantly
different
Table 4: The correlation coefficients as taken from the standard
curve plots of HO-1 Standard for each HO-1 ELISA assay
Table 5: The concentrations of HO-1 (ng/mL) determined from
each of the seven ELISA assays.
"xxx" denotes an absorbance value that exceeded 2 and was
thrown out.
(p<0.05). But due to the variability and
difficulty to establish concrete controls within a
living system, such as human immune cells,
significance with a p < 0.10 is also noteworthy.
Knowing this, upon second glance at Table 6, it
is determined that all the values present are
significant at p< 0.07.
Thus, it can be
determined that there was a significant
difference between cells treated with varying
concentrations of toxin at every tested
concentration (125 nM (n=3), 250 nM (n=6),
500 nM (n=5), 1000 nM (n=5), and 2000 nM
(n=4)) in comparison to the corresponding
ethanol (80% ethanol in HPLC water) controls at
each
respective
concentration
(shown
graphically in Figure 8).
As discussed
previously, an up-regulated amount HO-1
protein in cell lysates is indicative of oxidative
stress in those cells. This data strongly supports
that the neurotoxin, PbTx-2, causes oxidative
stress in cells.

exceeded 1 that could normally deviate from
linearity, were kept. Table 4 summarizes the
68
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standard error bars overlap for a few
Table 6: The values as determined from the T-test (Microsoft
concentrations (primarily 500 nM, 250 nM, and
Excel, 2003) for determination of significance between the PbTx-2
125 nM), and this does not seem to support that
and EtOH for each of the concentrations tested.
there is in fact a statistical difference. However,
125
this is untrue. For this analysis, comparisons
250
2000 1000 500
could only be made within the particular assay
nM
nM
nM
nM
nM
for determination of a significant difference
p
between respective concentrations of PbTx-2
value 0.067 0.01
0.057
0.020 0.055
and EtOH. In constructing a graph to represent
a summary of the data, the averages of the
4
3
8
5
03
concentrations of PbTx-2 and EtOH are taken
and graphed. However, due to the fact that the
(Results were compared initially to a p value of 0.05. However,
study took place within a living system and,
this data is also significant when compared to a p value of 0.07.
which is still plausible,fora study done within a living system.)despite all efforts to make all experimental
parameters and procedures identical, it is simply
impossible to replicate an assay exactly in the
same way every time due to the variability of the

2000 nM

1000 nM

500 nM

250 nM

125 nM

Treatment

living system. Thus, statistically, it makes sense
Figure X: HO-1 produced by cells exposed to PbTx-2 and EtOH.
Standard errors included. (*) Indicates significance at p < to
0.07
determine a standard deviation, but as shown
while (**) indicates significance at p < 0.05.
by Table 5, the same, or even approximately the
same, results were not seen each time for each
As shown by Figure 8, significant
assay performed.
In a t-test, the PbTx-2
differences were determined for each set of
concentration is compared to its respective
PbTx-2 and EtOH concentrations, but the
ethanol concentration within the same assay and
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concentrations the toxin will elicit a response
from cells in
vitro.
Although in vivo studies are often
preferable for such studies, the human
monocytic cell line U-937 has been shown to be
a very useful model, both ethically and
scientifically, for studying human immune cells
in vitro [9], These data do represent a good
preliminary study of how the red tide neurotoxin
affects human immune cells.
From here, future areas of research
would include quantifying other elements that
are indicative of oxidative stress, such as an
increased level of H 2 0 2 and the peroxidase
enzyme.
Preliminary experiments regarding
these concepts have been attempted by the
Marine Immunology Lab at Mote Marine
Laboratory, but have yet to see any significant
difference between cells treated with PbTx-2
and an ethanol control. As stated previously,
this could simply be due to the fact that cells
treated with ethanol are also undergoing
oxidative stress [19]. This implies that ethanoltreated cells could also be experiencing an
increase in H 2 0 2 levels and up-regulating the
amount of peroxidase enzyme to combat high
levels of H 2 0 2 . This would explain the lack of a
significant difference in the amount of H 2 0 2 and
peroxidase enzyme being generated by ethanoltreated cells in comparison to toxin-treated cells.
Further research should look at dissolving PbTx2 in a solvent that will not provide oxidative
stress to the cells and can be used as a better
negative control.

this is done for each of the seven assays, and
from this, significance is determined.
The
calculations of p values as shown in Table 6
show significance for each concentration in this
way (p<0.07), and thus the error bars are not
conclusive about the significance of the data.
The data as found from ELISA #2
shows the lowest HO-1 concentrations for the
PbTx-2 and EtOH treated cells out of all of the
assays. This is most likely due to the fact that
the cell lysates were prepared and then aliquoted
into separate 1.5-mL eppendorf tubes and put in
a freezer at -80 °C before they were analyzed by
the HO-1 ELISA assay. It is possible that the
extremely cold temperature had an effect on the
proteins that were isolated from the cell lysates.
Perhaps ice crystals infiltrated the samples and
destroyed the protein that was captured. This
was the only set of cell lysates that was frozen at
-80 °C and is the only set of data (Table 5) that
shows such low values for HO-1 concentration.
The Q-test failed in removing any of these data
points.
After the completion of this project, it
was found that ethanol can also induce oxidative
stress on cells when present in abundance [19].
This finding directly impacts our results because
it indicates that oxidative stress was not
adequately controlled for in this experimental
procedure. Ethanol (80% in HPLC water) was
used as a negative control for this experiment
because it was the solvent that PbTx-2 was
dissolved in. Working with PbTx-2 in a diluted
form is much safer and more practical since only
very small amounts are required to elicit a
response from U-937 human immune cells.
Knowing that ethanol can reproduce similar
results as PbTx-2 (such as an increase in HO-1
concentration due to the presence of oxidative
stress [19]), then this could account for why the
HO-1 concentration for the ethanol controls
were so high, as shown in the raw data for each
assay in Appendices 1, the summarized data in
Table 5, and Figure 8.

Overall, the most significant finding
made during this project was the presence of the
heme oxygenase-1 protein in the cells treated
with varying concentrations of the neurotoxin
PbTx-2, indicating that the cells are under
oxidative stress during exposure to the toxin.
Many studies have been done to show how
humans might be pathologically affected by the
brevetoxins released during red tide.
This
remains an important area of study due to the
thousands of beachgoers and hundreds of
lifeguards that come to the beaches of Florida's
west coast on a regular basis. The purpose of
this experiment was to determine the effects of
red tide on a cellular basis so as to better
understand how the toxin reacts within the

It is not likely that human immune cells
in vivo would naturally experience the
concentrations of PbTx-2 used in this study.
Higher than natural toxin concentrations are
used when it is unknown how or at what
70
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human immune system to develop the symptoms
associated with brevetoxin poisoning. Only by
better understanding the effects of brevetoxins at
a cellular level will scientists be able to provide
further treatments to combat the effects of the
toxin.
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